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A B S T R A C T We have found immunoglobulin (Ig)G-
containing material consistent with immune complexes
in the sera of patients with Lyme arthritis. It was de-
tected in 29 of 55 sera (55%) from 31 patients by at
least one of three assays: 1251-Clq binding, Clq solid
phase, or Raji cell. The presence of reactive material
correlated with clinical aspects of disease activity; it
was found early in the illness, was most prominent in
sera from the sickest patients, was infrequent during
remissions, and often fluctuated in parallel with
changes in clinical status. The results in the two Clq
assays showed a strong positive correlation (P < 0.001).
They were each elevated in 45% of the sera and were
usually concordant (85%). In contrast, the Raji cell
assay was less frequently positive and often discordant
with the Clq assays. In sucrose density gradients,
putative circulating immune complexes sedimented
near 19S; they, too, were detected best by the two as-
says based on Clq binding. An additional 7S com-
ponent was found in some sera by the _251-Clq bind-
ing assay. Serum complement was often above the
range of normal in patients with mild disease and nor-
mal in patients with severe disease but did not correlate
significantly with levels of circulating immune com-
plexes. IgM and IgG rheumatoid factors were not
detectable.
These findings support a role for immune complexes

in the pathogenesis of Lyme arthritis. Their measure-
ment, by either the '251-Clq binding assay or by the
Clq solid phase assay, often provides a sensitive index
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of disease activity. Moreover, the complexes are likely
sources of disease-related antigens for further study of
this new disorder.

INTRODUCTION

Lyme arthritis is a newly recognized epidemic
disease that has been occurring at least since 1972 in
southeastern Connecticut and other areas bordering
Long Island Sound. It is characterized by recurrent
attacks of asymmetric large joint arthritis, by geo-
graphic and seasonal clustering,and by the presence of
a unique preceding skin lesion, erythema chronicuin
migrans (ECM)l (1). Although many patients have had
only ECM with or without mild synovitis, others have
developed sustained inflammatory joint disease, and
some have also had meningoencephalitis, peripheral
neuropathy, or cardiac conduction abnormalities (2).
Thus far, efforts to identify a causative agent have
been unsuccessful, but epidemiologic studies have
indicated transmission by a tick vector (1-4). Rheuma-
toid factor has been absent in virtually all patients.
Synovial biopsy specimens have revealed changes re-
sembling those found in rheumatoid arthritis, includ-
ing synovial hypertrophy, vascular proliferation, and
heavy infiltration with lymphocytes and plasma cells (2).
We have previously reported that serum cryoim-

munoglobulins occur in some patients with Lyme
arthritis, particularly in those with active arthritis or
in those with ECM who later develop arthritis (5).

'Abbreviations used in this paper: CH50, total hemolytic
complement; ECM, erythema chronicum migrans; MEM,
Dulbecco's modified minimum essential medium; PBS, phos-
phate-buffered saline.
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These observations suggested that immune complexes
might play a role in the pathophysiology of this illness.
We postulated that such complexes, if present, might
contain antigen(s) related to the elusive causative
agent. Furthermore, the seasonal onset and cyclical
nature of the illness and the presence of a pre-articular
phase (especially ECM) would make it a convenient
human model for studying how early immune re-
sponses are related to the development of inflammatory
joint disease and other clinical events. Consequently,
we have looked for evidence of circulating immune
complexes in the serum of patients with Lyme arthritis
by three standard assay systems: the 125I-Clq binding
assay, which detects immune complexes composed of
complement-fixing immunoglobulins of any class (6);
the Clq solid phase assay, which detects immune com-
plexes composed of complement fixing, staphylococcal
protein A-reactive IgG (7, 8); and the Raji cell assay,
which detects immutne complexes that bind to cell
surfacee receptors, principally those for C3b an(l C3d (9).

METHODS

Patients. To compare the results in the three assays for
immune complexes, we studied 31 patients with Lyme arthri-
tis who were between the ages of 3 and 67 yr. The clinical
features of these patients were described previously (1, 2).
In general, the initial feature of the illness was ECM,
wlhich typically lasted for about 3 wk. Approximately 2 wk
to 5 mo after the onset of the skin lesion, most patients
developed recurrent attacks of arthritis, usually of large joints.
Extra-articular complications occurred in three patients.
The diagnosis of Lyme arthritis was based on patients having
the unique preceding skin lesion of ECM, typical attacks of
oligoarthritis, and residency in the endemic area. At each
clinic visit, blood to be tested for immune complexes was
collected, and on the basis of their history and physical
findings, patients were assigned to one of the following
categories of disease activity: (a) skin: patients with only
ECNI; (b) joints: patients with arthritis; ECM still present or
not, hut no other systems involved; (c) heart: patients with
cardiac conduction abnormalities, regardless of ECM, arthri-
tis, or peripheral neuropathy; (d) central nervous system: pa-
tients with meningitis or meningoencephalitis (documented
by abnormal cerebrospinal fluid), regardless of all other
feattures; (e) peripheral nervous system: patients with a
peripheral neuropathy, without central nervous system or
heart involvement, and regardless ofskin orjoint involvement;
(f) remission: patients with no symptoms or signs for at least
2 wk. To define the relationship of immune complexes to the
clinical course of Lyme arthritis, we followed these and an
additional 27 patients during various phases of their illness
with the 1251-Clq binding assay. For this purpose, when
multiple serum samples were taken from individual patients,
the results of the first sample obtained during a given phase
of the illness was tabulated.

Blood for immume complex assays was drawn in Vacutainer
ttubes (Becton, Dickinson & Co., Rutherford, N. J.) and al-
lowed to clot for 1 h at 25°C. After centrifugation the serum
was collected, stored in aliquots at -70°C in polypropylene
vials (Electro-Sonic Co., Hawthorne, Calif.), and thawed a
single time for assay. At the time the assays were performed,
the oldest serum had been stored for 10 mo.

Preparation of Clq. C1q was isolated from human serum
by the method of Yonemasu and Stroud (10), dissolved in
barbital-buffered saline (0.02 M Na barbital, 2.5 mM Ca Cl2,
0.75 mM MgCl2, pH 7.3), and stored at -70°C until used.
The isolated Clq readily agglutinated latex particles coated
with aggregated IgG and did not react with antisera to IgG,
IgA, or IgM in double immunodiffusion in 1% agarose gels.
The 125I-Clq binding assay. 200 ,g of isolated Clq was

radiolabelled with 1251 (New England Nuclear, Boston, Mass.)
by a modification of the lactoperoxidase technique (11) to a
specific activity of 0.6 to 0.9 mCi/,ug of protein, and 10-,tg
aliquots were stored in 100 ,ul of barbital-buffered saline at
-70°C. Before use, each aliquot was thawed, diluted to 5 ml
with barbital-buffered saline containing 1% bovine serum
albumin (A grade, Calbiochem, San Diego, Calif.) and centri-
fuged at 20,000 g for 40 min at 4°C to remove aggregated
protein.
The assay was performed in triplicate as described by

Zubler et al. (6). 50 ,lI of unheated test serum was com-
bined in Bio Vial polypropylene tubes (Beckman Instruments,
Inc., Fullerton, Calif.) with 100 ,ul of 0.2 M Na2 EDTA (pH
7.5, adjusted with NaOH) and incubated for 30 min at 37°C.
Then, in an ice bath, 50 1.l of the '251-Clq and 1 ml of 3%
polyethylene glycol, 6,000 mol wt (Fisher Scientific Co., Pitts-
burgh, Pa.) in borate buffer (0.1 M boric acid, 0.25 M di-
sodium-tetraborate, 0.075 M NaCl, pH 8.3) were added. The
mixture was then maintained at 4°C for 60 min to facilitate
insolubilization of the 1251-Clq bound by immune complexes.
The resulting precipitate was collected by centrifuigation at
1,500 g for 20 min, and the supernate carefully removed by
aspiration. Radioactivity in the precipitate was measured in an
automated gamma spectrometer (Biogamma 4000, Beckman
Instruments, Inc.). Precision and reproducibility studies of
this method, done with a positive control serum from a patient
with rheumatoid vasculitis and cryoglobulinemia, revealed a
coefficient of variation of 4% among 10 aliquots tested on the
same day, and 11% among 7 aliquots tested on separate days.
The Clq solid phase assay. The assay was performed in

duplicate by a modification (12) of the method described by
Hay et al. (8). To coat the test tubes, isolated Clq was diluted
to a concentration of 10 ,ug/ml in phosphate-buffered saline
(PBS, 0.01 M phosphate, 0.15 M NaCl, pH 7.4) with 0.02%
azide, and 1-ml aliquots were incubated in Falcon 12 x 75-mm
polystyrene tubes (Falcon Plastics, Div. BioQuest, Oxnard,
Calif.) overnight at 4°C. The tubes were then washed three
times in ice-cold PBS, filled with 1.5 ml of 0.3% gelatin
in PBS/azide, incubated at room temperature for 2 h, and
finally washed again three times with ice-cold PBS-azide
containing 0.05% tween 20 (Matheson, Coleman & Bell, East
Rutherford, N. J.) (PBS/tween). For the assay, 50 ,ul of test
serum and 100 ul of Na EDTA were incubated together for
30 min as in the 1251-Clq assay. Then 50-,ul samples were
placed in the Clq-coated tubes together with 950 ,ul of PBS/
tween and the mixture incubated at 37°C for 60 min and at 4°C
for 30 min. Unbound proteins were then removed by three
washes with cold PBS/tween. IgG-containing immune com-
plexes that remained bound to the Clq-coated tubes were pre-
sented with 1 ml of PBS/tween containing -25 ng of staphylo-
coccal protein A (Pharmacia Fine Chemicals, Piscataway,
N. J.) previously radiolabeled with 125I by the chloramine-T
method (13). The tubes were then incubated at 37°C for 60 min
and at 4°C for 30 min, and finally washed three times with
cold PBS/tween. The radioactivity that remained bound to the
tubes was then measured. The coefficient of variation was
1.9% among duplicates of 50 samples tested on the same day,
and 5.8% among positive controls tested on 10 separate days.
The Raji cell assay. The assay was performed in triplicate

as described by Theofilopoulos et al (9). Raji cells (a gift of
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Doctors Theofilopoulos and Dixon, Scripps Clinic and Re-
search Foundation, La Jolla, Calif.) were grown in Dul-
becco's modified minimum essential media (MEM) with 5%
fetal calf serum (Grand Island Biological Co., Grand Island,
N. Y.). 2 x 106 cells in 20 ,ul of MEM were placed in 1.5-ml
microfuge tubes (Beckman Instruments, Inc.) along with 25 ,ul
of test serum diluted 1:4 with MEM, and incubated at 37°C
for 45 min with gentle agitation at 10-min intervals. Subse-
quently, the cells were washed three times with MEM, resus-
pended in 50 ,ul of 1251-rabbit anti-human IgG (labelled by the
chloramine-T method) that had been diluted 1:2 with MEM
containing 1% rabbit serum albumin (Sigma Chemical Co., St.
Louis, Mo.), and then incubated at 40C for 30 min with
gentle agitation at 5-min intervals. Finally, the cells were
washed three more times with cold MEM containing 1%
rabbit serum albumin and the cell-bound radioactivity was
measured. The coefficient of variation was 9.8% among tripli-
cates of 30 samples tested on the same day, and 10.5% among
positive controls tested on 10 separate days.
Density gradient ultracentrifugation. The relative molecular

size and distribution of material reactive in the assays for
immune complexes were studied by density gradient ultra-
centrifugation under two experimental conditions. For the
125I-Clq binding assay, test sera (300 ul) diluted 1:2 with
PBS were layered over 4.5 ml, linear, 10-40% sucrose
gradients in PBS, and centrifuged at 192,000 g for 14 h in a
SW 50.1 rotor (Beckman Instruments, Inc.). In a separate tube,
125I-IgG (7S) and IgM (19S) were used as reference markers.
The tubes were punctured and gradient fractions (0.25 ml)
were collected from the bottom. The individual fractions were
analyzed for immune complexes in the same manner as serum.
For the Clq solid phase and Raji cell assays, 0.25 ml of 1:2

dilutions of test sera were applied to 4.5 ml, linear, 10-37%
sucrose gradients in PBS and centrifuged at 222,000 g for 6.2 h
in a SW 50.1 rotor. Fractions (0.3 ml) were collected from the
top of the gradients by a density gradient fractionator
(Instrumentation Specialties Co., Lincoln, Nebr.). 100 ul
from each fraction, in the absence of EDTA, was assayed in
duplicate for the presence of immune complexes in the Clq
solid phase assay, and at a dilution of 1:2 in MEM in the
Raji cell assay. The IgG content ofthe fractions was quantified
by a solid phase radioimmunoassay (12). Sucrose present in
the fractions did not interfere with the assays.
Analysis of results. We wished to compare sera from pa-

tients with Lyme arthritis directly with sera from normal
donors. Consequently, we eliminated the use of standard
curves based on the reactivity of aggregated IgG and in-
stead made a direct statistical comparison of the reactivity of
normal and test sera. 50 sera from normal donors were sur-
veyed with each assay. Approximately 5% (in the '25I-Clq
binding assay and the Raji cell assay) to 10% (in the Clq
solid phase assay) were reactive by 2-6 SD above the mean,
and these sera were excluded on the grounds that they con-
tained an excess of reactive material, possibly immune com-
plexes. The reactivity of the remaining sera approximated a
Gaussian distribution. At the time of each assay, 10 normal
sera representative of the larger panel were included with the
test sera. The mean and SD of the radioactivity bound in the
assays of the normal sera were calculated and the differences
in the reactivity of the test sera from the normals were ex-
pressed as multiples of this SD. Test sera with reactivity
>2 SD above the mean were considered positive.
Detection ofrheumatoid factors. Anti-immunoglobulins of

the IgG class were measured by the method of Hay et al. (14).
Falcon polystyrene tubes (10 x 75 mm) were coated with rab-
bit IgG (Cappel Laboratories, Inc., Downingtown, Pa.), 10 mg/
liter in PBS for 1 h at 37°C, and then overnight at 4°C. After
three washes with PBS, the tubes were incubated for 2 h

at room temperature with 1.5 ml of 0.3% gelatin solution
in PBS followed by three washes with PBS containing 0.05%
tween 20. Test sera were heated at 56°C for 30 min to inacti-
vate complement, and duplicate 50-,lI samples together with
450 Iul of PBS/tween 20 were incubated in the coated tubes
for 1 h at 37°C and for 30 min at 4°C. Subsequently,
the tubes were washed three times with PBS/tween 20 and
bound antiglobulin was detected by the incubation of the
tubes with 1 ug of purified (14) heavy-chain specific
125I-rabbit anti-human IgG (Cappel Laboratories, Inc.) at 370C
for 1 h and at 4°C for 30 min. The tubes were washed three
times with PBS/tween 20, and the radioactivity remaining
bound was measured. 10 normal sera, representative of the
normal range derived from 50 sera, were included in each
assay. Sera from patients with rheumatoid-factor positive
rheumatoid arthritis and from sero-negative patients with
osteoarthritis were used as positive and negative controls.
The standard latex fixation method (Hyland Diagnostics

Div., Travenol Laboratories, Inc., Costa Mesa, Calif.) was
used to test sera for 19S-IgM rheumatoid factors (15).
Complement and cryoglobulin determinations. Total

hemolytic complement (CH50) was measured by the method
of Kent and Fife (16) and the third (C3) and fourth (C4) com-
ponents by radial immunodiffusion in Hyland plates (Hyland
Diagnostics Div., Travenol Labs., Inc.). Cryoglobulins were
measured as described previously (5).

Statistical evaluation. Patient groups were compared by
Fisher's exact test. Correlation coefficients (r) were calculated
by a standard program in a Hewlett-Packard HP-97 calculator
(Hewlett-Packard Co., Palo Alto, Calif.).

RESULTS

Assays for immune complexes. In the initial search
for circulating immune complexes, we analyzed 55 sera
from 31 patients with active Lyme arthritis or a recent
remission, simultaneously in the Clq solid phase assay
and in the Raji cell assay and subsequently in the 1251_
Clq binding assay (Table I). Overall, one or more
serum samples from 17 (55%) patients reacted in at
least one of the assays. Almost all of the positive
reactions occurred with sera from patients having ac-
tive disease (28/46 active disease sera vs. 1/9 inactive
disease sera; P = 0.01). Sera from the two sickest
patients-those with cardiac and central nervous sys-
tem involvement-contained reactive material often at
higher levels than in other patients. In contrast, reac-
tive material was found in only approximately one-
half of the sera from patients with arthritis (19 of 35)
and rarely in patients during remissions (1 of 9). Two
or more sequential samples spanning as many as 9 mo
were obtained from 16 patients. Among these samples
the results of each assay method tended to remain
either consistently positive or negative.
The 125j-Clq binding assay and the Clq solid phase

assay results were usually concordant; they were both
positive in 20 sera, both negative in 29, and were dis-
cordant in only 5 instances. Regression analysis demon-
strated a strong positive correlation between the
numerical values of these two assays (r = 0.65,
P < 0.001). In contrast, positive results were less fre-
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TABLE I
Comparison of Clq Binding, Clq Solid Phase, and Raji Cell Assays for Immune

Complexes in Patients with Lyme Arthritis

Intervals between Clq
sequential 1251-Clq solid Raji

Clinical activity Pt. samples binding* phase* cell*

mo

Skin

Joints

A
B
C
D

E

F

G

H

I

K
L
M
N

0

p

Q
R
S
T
C
U

V

w
x
y

Heartt

8
9

1

1

0.5

1

3

2

1

1

3

8
8.5

0.5

0.25

M
0.25

Central nervous system§

Peripheral nerv. sys."

Remission

z

T

AA

1
4
7

2

1
C 1

4

4.3
4.1

2.1
2.2
5.0
5.0
4.6
2.3
2.6
2.4

2.1
2.3
3.1
2.9
8.4

ND

5.0
4.7

7.4
14.8
4.9
7.7

2.0

4.3

2.3
5.1

3.7
6.1
7.8

23.0
16.2
3.6
4.3

3.6
9.9
5.9

13.1
2.5

22.5
6.7

2.7
10.5

10.9
9.5

13.6
27.4

ND

3.4
4.1

2.4
ND
9.7

2.5

8.4
ND

2.3
2.0

4.3

3.4
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TABLE I (Continued)

Intervals between Clq
sequential 125I-Clq solid Raji

Clinical activity Pt. samples binding* phase* cell*

mo

BB
cc

DD -

x 1
EE

Summary of results
Normal controls 2/48 8/100 3/50

P <0.0001 <0.0001 NS
Patients with active disease 13/25 12/25 5/25

P NS 0.02 NS
Patients in remission 1/7 0/7 0/7

A dash denotes results within the range of normal.
* SD above mean of normal controls.
t A 30-yr-old man with ECM, arthritis, and intermittent first and second degree atrio-
ventricular node block.
§ An 8-yr-old boy with ECM, arthritis, fever, headache, stiff neck, and cerebrospinal
fluid containing predominantly lymphocytes.
"iA 32-yr-old woman with fever, headache, arthritis, and Bell's palsy.

quent with the Raji cell assay even though four sera
were reactive in this assay alone. These discrepant re-
sults were reproducible on repeated testing of the sera.
No correlation existed between the results of the Raji
cell assay and either of the other two assays.
Complement levels. CH50, C3, and C4 were meas-

ured respectively in 25, 48, and 48 of the 55 sera
(Fig. 1). In general, complement components behaved
as acute phase reactants. Serum levels ofCH50 and C3
were often well above the range of normal, particu-
larly in patients with arthritis. Only 5 of the 25 patients
with active disease had CH50 or C4 levels below the
normal range. Complement levels did not correlate
with the presence ofimmune complexes as detected by
any of the three assays.
Density gradient studies. Because it seemed likely

that disparate results in the three immune complex as-
says were the result of the presence either of different
types of complexes or of some other reactive material,
the assays were applied to a group of sera after sucrose
density gradient ultracentrifugation. Initially, the '25I-
Clq binding assay was used to compare sera from
patients with early mild disease (ECM alone) with
those from patients with later, more severe disease
(arthritis, meningoencephalitis) (Fig. 2). In both groups,
there were two peaks ofreactivity, one sedimenting just
below the 7S marker and another near the 19S marker.
In the patients with only ECM, the two peaks were of
approximately equal size, but in the patients with arthritis
or meningoencephalitis, the 19S peak predominated. Al-

though the more dense material was compatible with im-
mune complexes, reactivity in the material sedimenting
near the 7S marker was more difficult to account for. Im-
mune complexes composed of single IgG molecules and
small antigens might have sedimentation coefficients
near 7S. However, they would presumably be too small
to fix complement and therefore should not react in
the assay (17). Other possibilities that could account

CH 50 C3 C4
(O) (Ci) (A) CIC absent
(0) (m) (A) CIC present

HEART CENTRAL PERIPHERA
NERVOUS NERVOUS
SYSTEN SYSTEN

FIGURE 1 Serum complement levels are seen in Lyme arthri-
tis patients with or without evidence of circulating immune
complexes (CIC), as detected by 1251-Clq binding, Clq solid
phase, or Raji cell assays.
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FIGURE 2 1251-Clq binding is shown in individual 10-40%
sucrose density gradient fractions of sera from patients with
various manifestations of Lyme arthritis. The fractions were
collected from the bottom of the gradient. The position of the
19S and 7S markers are indicated.

for reactivity in the 7S region included larger com-
plexes made less dense by a high lipid content, anti-
bodies directed against Clq, or other nonimmuno-
globulin substances reacting with Clq.

It seemed possible that the 7S and the 19S material
detected by 125I-Clq binding might react differently
in the other assays and thus account for the variability
that we observed. Consequently, we also examined a
group of fractionated sera with the Clq solid phase and
the Raji cell assays (Fig. 3). The Clq solid phase assay
detected reactivity in the region of the 19S marker but
little or no reactivity over background in the 7S region.
Thus, the 7S reactivity in the 125I-Clq binding assay
is unlikely to represent IgG-containing material. 7S
reactivity in the Raji cell assay was present in sera not
only of patients but of normal controls, and paralleled
the serum concentration of monomeric IgG. Some pa-
tient sera also contained Raji cell reactivity in the 19S
region, but it was less prominent than Clq binding in
either of the other two assays.

In summary, putative circulating immune complexes
in Lyme arthritis sedimented near 19S and reacted
equally well in the two Clq assays and less well in the
Raji cell assay. A small amount of the reactivity in

the 1251-Clq binding assay may be the result of a low
density material that does not react in the Clq
solid phase assay.

Tests for IgM and IgG rheumatoid factors. Tests
for rheumatoid factors by latex agglutination were
negative. Nevertheless, we considered the possibility
that anti-immunoglobulins of the IgG class might be
present and play a role in determining the pattern of
Clq-reactive material in the density gradients. How-
ever, no evidence for IgG rheumatoid factor was found
in 40 sera from patients with Lyme arthritis (Table II).
In contrast, positive results were seen in 15 of 17 sera
from patients with rheumatoid arthritis.
Clq reactivity of cryoglobulins. Some serum cryo-

globulins contained 1251-Clq-reactive material (Table
III). Blood from six patients with Lyme arthritis
and cryoglobulinemia was allowed to clot at 37°C,
and the serum was removed. An aliquot (whole serum)

Clq Solid Phase
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11/12/
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z

PATIEN
0 ARTHRII
1t 3
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0 2

Ii
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ENCEPHA
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IT Z D
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*0~~~~1_ 0
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I 600
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FIGURE 3 Reactivity of individual fractions from 10-37%
sucrose density gradients is compared in the Clq solid phase
assay and the Raji cell assay. The fractions were collected from
the top of the gradient (cf. Fig. 2). The predominant clinical
feature of each patient and the position of the 19S and 7S
markers are indicated.
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TABLE II
Test for IgG Rheumatoid Factor

Serat tested Sera positive

Lyme arthritis 40 0
Rheumatoid arthritis 17 15
Osteoarthritis 7 0

was tested immediately in the i251_Clq binding assay.
The remainder was stored at 4°C for 24 h and cryo-
precipitable proteins were collected by centrifugation.
Both the supernate (serum minus cryoglobulins), and
the cryoprecipitable proteinis redissolved in the starting
volume ofnormal serum (control serum plus cryoglobu-
lins), were tested. Removal of' cryoprecipitable pro-
teins caused a reduction in the 12I_C1qI binding ac-
tivity in five of the six sera. In three cases, from
sera that had the most Clq binding activity to begin
with, the cryoprecipitable proteins transferred Clq
reactivity to the normal serum.

Patient studies. We investigated the relationship of
circulating immune complexes to the course of Lyme
arthritis by following a total of' 58 patients during
various phases of their illness, with the 1251-Clq bind-
ing assay (Table IV). 25 patients were tested within the
first 3 wk of the appearance of ECM. 20 had only
ECM, whereas 5 had some additional complaints of
joint discomfort, mainly arthralgias. Among this group,
1251-Clq-reactive material was found in 21 (84%). After
ECM disappeared, 9 of 10 patients with nervous system
or heart involvement (5 with meningoencephalitis, 3
with cardiac conduction abnormalities, 1 with both, 1
with peripheral neuropathy) had 1251-C lq-reactive
material in their blood. In contrast, among 17 patients
with attacks of frank arthritis which occurred 4 wk to
18 mo after the skin lesion, 1251-Clq-reactive material

TABLE III
Chl Reactivity* of Cryoglobuilins from Patients

with LDyme Arthritis

Patienlt seru-m
Control sertimi

Minus ervo- lplus redissolved
Patienit Whole globulinis cryoglobthlins

1 7.8 2.4 2.5
2 7.7 6.7 3.2
3 5.6 1.6 3.3
4 2.5 1.4 0.4
5 2.1 2.7 0.4
6 2.0 1.5 0.6

* 1251-Clq binding assay, expressed as SD above the mean
of normal sera.
t C1l reactivity 0.4 SD above the meani of other normal sera.

TABLE IV
Clq-Reactive Material during Differentt Phases of the Illness

Later attacks

NetVrouiS
systemli Reniois-

ECM1f or heart Joilits siolns

Patients tested 25 10 17 13
Number positive,

(%) 21 (84) 9 (9() 6 (35) 3 (23)

* Within 3 wk of onset.

was found in only 6 (35%). During remissions, positive
reactions were obtained in only 3 of 13 patients (23%).
The extent of Clq binding activity tended to parallel

the clinical course of these patients. A representative
case is illustrated in Fig. 4. This patient was a 58-yr-old
man who developed ECM at the site of a tick bite
3 wk before. At the time of his initial hospital visit in
August 1977 he had faded ECM, atrial flutter with vary-
ing degrees of' block, meningoencephalitis, Bell's
palsy, and a peripheral sensory neuropathy. His serum
initially produced a strongly positive reaction in the

16
z c_
az o o1 2

Wm- 8
0E-oE

aii4

z -
X E 2
m ,,
o :

I
CD E08--.
o.

N&ormal Rangnge
1-:::::.:::::::........................::::::.:::::,::.:................... ....

F':.: :::::'::::: .'.::-.:-::.:-.:::::: .'.: .' .:' :::-:. : .:::- ::::-

ECM + + +

Arthritis + +

Corditis + + + + + + + +

Meningo- + +
encephalitis +
Peripheral + + + + + + + +
INeurapathyI

z _

0 "' 40_
- X 20 _
z
0b0

w E
CL

. 1

JULY AUG SEPT OCT NOV

FIGURE 4 The clinical course is seen of a patient with Lyme
arthritis. ECM and a variety ofsubsequent complications were
associated with high levels of 12*IClq binding activity. Al-
though always abnormal, the level was highest near the onset
of disease, and tended to decrease with clinical improve-
ment (the latter reflected by the tapering of prednisone). A
rebound occurred when ECM reappeared at its original site.
Total cryoglobulins, not always positive, generally followed
the level of binding activity. The shaded area shows the nor-
mal range of 125I_Clq binding.
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125I-Clq binding assay and formed a heavy cryoprecipi-
tate upon incubation at 4°C for 48 h. Treatment with
prednisone resulted in gradual clinical improvement
associated with a parallel decrease in the serum
1251-Clq binding activity and in cryoglobulins. In early
October, ECM reappeared at its original site, followed
by first degree heart block, frequent ventricular pre-
mature contractions, and pain in a knee and temporo-
mandibular joint; 1251-Clq binding activity rose and
cryoglobulins reappeared. As these problems resolved,
1251-Clq binding activity and cryoglobulins returned to
lower levels.

DISCUSSION

We have demonstrated that sera from patients with
Lyme arthritis often react positively in three standard
assays for immune complexes (Table I). The reactive
material contained IgG, bound complement, was par-
tially cryoprecipitable (Table III), and included a com-
ponent that sedimented at 19S or greater (Figs. 2 and 3),
a density consistent with immune complexes involving
polyvalent antigens. Furthermore, the reactive ma-
terial was disease related. It was much more prevalent
in patients with active disease generally than in normal
controls. Among patients, it was present primarily
during periods of active disease (Tables I and IV), and
it often rose and fell in parallel with clinical features
of the illness (Fig. 4). For the most part, it was con-
sistently either present or absent in serial samples from
sick individuals (Table I, Fig. 4). These findings indi-
cate that reliable measurements of a disease-associated
substance-most likely immune complexes-were
being made.
Many of the clinical and laboratory features of Lyme

arthritis are compatible with a pathogenetic role for
immune complexes. For example, short attacks of
arthritis, peripheral neuropathies, cardiac conduction
abnormalities, and involvement of the central nervous
system are also features ofhuman serum sickness (18).
Moreover, certain patients with Lyme arthritis have
serum cryoimmunoglobulins that contain Clq-reactive
material (Table III); in those with ECM, the presence
of such cryoproteins indicates an increased likelihood
that subsequent attacks of arthritis will occur (3). The
fact that serum levels of complement are usually nor-
mal or elevated (Fig. 1) may simply indicate that ac-
celeration of complement production during active
phases of disease is masking complement consump-
tion. In rheumatoid arthritis, complement levels are
usually normal, even when the activated component
C3b is elevated in parallel with 125I-Clq binding ac-
tivity (19).
Each of the assays used in this study is dependent

upon the ability of immune complexes to fix comple-
ment. Nevertheless, considerable differences may exist

among the assays in the kind of complexes that are
detected best, and in the factors that cause interference.
The 1251-Clq binding assay can theoretically detect all
immune complexes that bind Clq, including those
composed of IgM. This advantage is offset to a certain
extent by the nonspecific reactivity of Clq with such
substances as C-reactive protein, DNA, and endo-
toxin (20-22). In contrast, the Clq solid phase as-
say is theoretically specific for immune complexes con-
taining immunoglobulin that reacts with both Clq
and staphylococcal protein A-mainly IgG1, and IgG2
(23). Although this assay might fail to detect complexes
composed of IgM, IgA, or IgG3, it avoids the pos-
sible influence of interfering substances. The Raji cell
assay is also subject to a variety of interferences. It
detects preferentially the larger complexes formed near
antigen-antibody equivalence (9). Monomeric IgG also
binds to these cells, as shown in Fig. 3. In addition,
warm-reactive anti-lymphocyte antibodies might react
with the (lymphocytic) Raji cell. Finally, C3b and C3d
free in serum can displace immune complexes from
the surface of Raji cells, and high levels of these
components might cause false-negative reactions (24).

In the present work there was a remarkable correla-
tion between the two Clq assays (P < 0.001). They
each detected reactive material in about 45% of the
sera from patients with active disease, and positive
and negative results usually agreed (Table I). It is pos-
sible that this figure actually underestimates the true
incidence of cirulating immune complexes. The sera
that we studied had been collected at 25°C, a tempera-
ture at which some cryoprecipitable immune com-
plexes become insoluble (25). Thus, although the
period of serum collection is short (=1 h) and the
temperature relatively high (compared to 4°C, as in
Table III), some Clq-reactive material may have
been lost.

In contrast to the two Clq assays, the Raji cell assay
was positive in only 10 sera (23%). Among these, one
reacted strongly and three less so when the other assays
were negative. Although the Raji cell and the Clq solid
phase assays are about equally sensitive for detecting
aggregated IgG (23), we have identified similar dis-
crepancies between the two in patients with dis-
seminated gonococcemia (12) and with glomerulone-
phritis (23). These discrepancies may reflect dif-
ferences in conformation and (or) size among immune
complexes, that favor reactivity in one or another
system.
The gradient studies demonstrated that reactive sub-

stances of two different densities were present in sera
from patients with Lyme arthritis (Figs. 2 and 3).
The higher density material sedimenting at ap-
proximately 19S is compatible with the circulating
immune complexes found in a number of other dis-
eases, including rheumatoid arthritis (6) and cyto-
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megalovirus infection (26). Although precise identifi-
cation of this material will require its isolation, dis-
sociation, and specific reassembly, the fact that it is of
high molecular weight, contains IgG, and reacts with
Clq suggests that it represents antigen-antibody com-
plexes. Immune complexes of this size are likely
to initiate tissue injury (27), and it may be important
that the largest amounts of this material were found in
patients with severe clinical manifestations. The high
density material was detected best in the assays based
on Clq binding; thus, it is not surprising that sera from
patients with active disease were more frequently posi-
tive in the 1251-Clq binding and the Clq solid phase
assays than in the Raji cell assay.
The lower molecular weight material that reacted

mainly in the 1251-Clq binding assay may be similar to
Clq-reactive, low molecular weight substances found
in some patients with systemic lupus erythematosus
(28). Its density and its failure to be detected in the
Clq solid phase assay are incompatible with comple-
ment fixing immune complexes. Nevertheless, it was
not found in sera from normal donors and may be a
disease-related substance. Its identification is therefore
of interest, and further work is indicated on its specific-
ity and relationship to disease activity.
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